Abstract -A new type of Acoustic Emission sensor using a thin film piezoelectric material (sputtered ZnO) was developed for measuring head-disk interaction in a rigid magnetic disk system. The sensor is mounted on a Si slider (length : 3 mm) and was fabricated using micro-machining techniques in our on-going efforts to downsize sliders. Some fundamental tests of the sensor were conducted : sensitivity and frequency characteristics, and a flying test over a rotating bump disk.
I. Introduction
Projects aimed at downsizing and lowering flying height in magnetic disk system sliders have increased intensively. At present, the spacing between head and disk in advanced commercial products is in the semi-contact or full-contact range. Because of this, a new type of Acoustic Emission (AE) sensor, which is applicable to smaller sliders and has higher performance, has become necessary. Therefore, we developed a new type of AE sensor, using micro-machining techniques. For the new sensor, we targeted a resolution of 1 mN over a bandwidth of more than 10 MHz.
II. Design and fabrication
With the new sensor, a thin-film piezoelectric material is used for detecting AE waves. The sensor is canied on a Si slider (length : 3 mm), and a backing material is bonded to the backside of the sensor. This measuring system is produced by a micro-machining techniques [I] .
The slider is shown in Fig. 1 . The piezoelectric sensor array is fabricated on the Si substrate. On the backside of that substrate, an Air Bearing Surface (ABS) is fabricated. This ABS is of the conventional type with two straight rails with steps at the leading edge [2] . As a backing material, a Pyrex glass substrate is bonded to the thin-film piezoelectric sensor array with epoxy adhesive. This material is used for preventing AE waves passing through the sensor after being reflected off the back side of the sensor. Pyrex glass is used because it has almost the same acoustic impedance as Si. The backing material also plays a role in increasing the sensitivity. Although mass of this slider is different from a conventional slider, we do not think that dynamic behavior of the slider changes except contact force.
The sensor is shown in Fig. 2 . It is located at the trailing edge of one of the rails, where the minimum spacing occurs, and consists of a sputtered ZnO layer sandwiched by a tungsten common lower electrode and arrayed aluminum upper electrodes. Sputtered ZnO relationship between the sensor output and the contact position.
HI. Simulation of output characteristics
The output voltage of the sensor is calculated from stress occurring in the ZnO layer using the dynamic structural analysis program "DYNA3D". The output voltage of the sensor can be calculated from equation (1) [l] . The finite element model of the sensor and slider is shown in Fig. 3 . Properties of materials used in the simulation are shown in Table 1 El]. Fig. 4 shows a simulation of stress ( 0 z) of the sensor element A in Fig. 3 when the impulse force is applied to the ABS just below the sensor element A. As the sensor output is proportional to the stress occurring in the ZnO layer, the stress is used as the vertical axis in Fig.4 . It is clear that in the case with no backing material, the stress of the ZnO layer is quite small (maximum amplitude : 0.17 x106Pa), but the sensor with the backing material has more than 30 times higher sensitivity. From the other results of Fig, 4 , there seems to be almost no possibility that an AE wave reflected off the back side of the backing material substrate could influence sensor output. g $401
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IV. Characteristics Fig. 6 shows the result of testing the sensitivity of the sensor by dropping a steel ball on the ABS. In this test, the calculated maximum input force was 1.88 N under the conditions shown in Fig6 [3] . The output voltage of the sensor was 84 mV (amplified 6.25x), and the sensitivity of the sensor element was about 7 mV/N. Fig. 7 shows frequency-characteristic results for the sensor. In this test one of the sensor elements was excited by a sine-shaped input voltage with slowly increasing frequency, and another element detected the generated AE waves. The result shows that the sensor element has a bandwidth of about 10 kHz-30 MHz. The cause of the gain peak which can be seen in the figure at about 40 MHz is unknown so far. The characteristic frequency of the ZnO layer in the thickness direction is much higher (about 1.6 GHz) than the frequency at this gain peak, and the characteristic frequencies of the Si substrate and the Pyrex glass substrate are lower. We think that the peak is due to the AE wave propagating in the lateral direction. In this test, the sensor output signal was measured as a function of disk velocity [4] . The relationship between disk velocity and maximum amplitude of sensor output is shown in Fig. 9 . High pass filters (HPF) with thresholds of 100 kHz and 200 kHz were used in the main amplifier. There is a difference in the amplitudes of the output signal. But both curves in Fig. 9 have almost the same shapes and the peaks in those curves occur when the slider flying height is a little lower than the bump height. To determine the reason for this frequency, a simulation of the slider using a finite element analysis and an experiment were performed. Based on the results of Table 2 , the frequency from Fig.  10 seems to be the first characteristic frequency of the slider. When the 200 kHz HPF was used, a vibration of about 200 kHz is also noticed. (It is considered the 2nd mode of the slider.) In the experiment in Fig. 8 , the measured output signal is a result of the elastic vibrations of the slider induced by the mechanical interactions between the slider and the disk. At the same time, the output of the sensor in the flying-height region above 50 nm was negligibly low. It seems that the sensor does not pick up any interference from the air bearing vibration of the slider. A new AE sensor on a Si slider based on a thbfilm ZnO layer was developed for measuring the head-disk interaction. The sensor output characteristics were determined experimentally : The sensitivity of the sensor is 7 mV/N, the bandwidth is 10 kHz-30 MHz and the signal-to-noise ratio is approximately 40 : 1. The experiments confirm that this AE sensor is suitable for detecting contacts at the head I disk interface.
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